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1In addition, case studies were conducted on three river basins with more advanced development (Omonogawa in Ja-
pan, Murray-Darling in Australia and Brantas in Indonesia) for identifying key elements of successful institutional
arrangements for water-resources management. Outputs of these case studies are presented in Final Report – Volume
III.
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4The report was compiled by Jinxia Wang, Jikun Huang, Xurong Mei, Jiusheng Li, Hui Jun and Shuiling Lei. Jinxia
Wang is a Postdoctoral Scientist of IWMI and Associate Professor, Center for Chinese Agricultrual Policy (CCAP),
Chinese Academy of Sciences (CAS); Jikun Huang is Professor and Director of CCAP, CAS; Xurong Mei is Profes-
sor and Director of the Center for Water Resources and Conservancy Technologies (CWRCT), Chinese Academy of










































































































































































































































Table 1.  Basic characteristics of the FRB.
Variables Values
Total area (km2) 22,814
Total population (million persons) 15.64
Population density (persons/km2) 686
Number of major urban centers 4
Number of prefectures 5
Number of villages 9,092
Urban population (million persons) 4.37
Rural population (million persons) 11.27
Per capita water availability (m
3)
a 868
Share of agricultural employment (%) 67
Proportion of population living below official poverty line (%) 6
Cultivated area (1,000 ha) 1239
Proportion of irrigated area (%) 83
Multiple cropping intensity (sown area/cultivated area) 1.55
Average annual rainfall (mm) (1956-1998) 543





Average temperature (0C) (1956-1998) 13
Average dry months per year (<5 mm rainfall) (1956-1998) 4
Note: If the years are not indicated, the values are for the year of 1998. aEstimated by the authors, based on
water-accounting analysis in the FRB.




















































































































































































































































































































































































































































































































5In 1998, for the nation as a whole, the shares of agricultural, industrial and domestic uses of water were 69%, 21%
and 10%, respectively.
6Based on water accounting approach presented by Molden and Sakthivadivel.A





     Precipitation 12,100
     Surface sources from outside basin 190
Storage change 1,053
     Surface water -34






     Irrigated crop evapotranspiration 6,431
     Nonirrigated crop evapotranspiration 2,567
     Orchard evapotranspiration 689
     Industrial uses 330
     Domestic uses 93
Non-process depletion 1,500
     Forest evapotranspiration 1,500
Non-beneficial depletion 1,690
     Evapotranspiration from uncultivated lands 1,315
     Evapotranspiration from lying fallow lands 259




    of gross flow 1.08
    of available water 0.98
Process fraction (ratio)
    of gross flow 0.82
    of depleted water 0.76
    of available water 0.74
Productivity of water
    Gross value of production (US$1 million) 689
Gross value of production per unit of
    Gross inflow ($/m
3) 0.056
    Available water ($/m3) 0.051

















































































































































































































Figure 1.  Trend of discharges at Aixinzhuang Hydrometric Station, 1957-98.
Figure 2. Trends of groundwater table in Bailuobao, Jiuzhou and Longhua, 1980–98.
Jiuzhou Station (Ren County) Bailuobao Station (Feixiang County)
























































































































































































































































































































































































































































































Figure 4.  Structure of water management institutions in China.
 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 3.  The share of government investment (%) in water projects.
Year Water infrastructure investment



















































































Table 4. Total annual surface water inflow and allocation in the FID.
Year Total inflow Total water use Water losses in Water supply for Share of agricultural




1960s 475 190 71 214 52
1970s 398 225 56 117 44
1980s 276 165 45 65 51
1990s 294 183 46 65 36






































































































































































































































































































Table 5. Investment in surface-water systems of the FID.
Investment sources (%) Expense shares (%)
Year Total Government MAFID’s Farmer Labor input Maintenance Construction
investment fiscal revenue (000 days)
(million yuan
in 1990 prices)
1955–58 2.37 96 4 0 70 0 100
1962–69 2.22 96 4 0 593 43 57
1970–79 1.48 68 29 4 3,588 40 60
1980–89 1.23 69 32 0 190 29 71
1990–98 0.62 0 100 0 2 100 0
1955–98 1.46 74 25 1 1,044 47 53
Source: MAFID.
Table 6. Income and expenditure in the surface water systems of FID management division.
     Income sources (%) Expenditure shares (%)
Year Income Water fee Othersa Expenditure Engineering Management Othersa
(million yuan)  (million yuan)
1962–1969 0.25 100 0 0.18 56 44 0
1970–1979 0.45 100 0 0.37 44 56 0
1980–1989 4.42 96 4 2.87 7 10 83
1990–1998 6.19 93 7 5.63 12 15 72
1962–1998 2.88 94 6 2.28 13 16 72













































































































































































































































































































































































































































































Table 7. Delivery prices of surface water from water suppliers in the FID.
Year In nominal prices (yuan/m3) In 1990 real prices (yuan/m3)
Industry Domestic Irrigation Industry Domestic Irrigation
1971 0.006 0.001 0.002 0.013 0.003 0.004
1975 0.006 0.001 0.002 0.013 0.003 0.004
1980 0.010 0.002 0.003 0.019 0.004 0.006
1985 0.050 0.010 0.007 0.081 0.016 0.011
1990 0.232 0.051 0.019 0.232 0.051 0.019
1995 0.278 0.064 0.054 0.161 0.037 0.032
1998 0.365 0.128 0.069 0.204 0.072 0.039
Source: MAFID.
Year Sources of groundwater irrigation investment (%) Total investment
Total State Collective Farmers Others  (Million yuan)
 a
1983 100 21 12 67 0 203
1990 100 10 11 69 11 85
1998 100 3 5 92 0 170
Note: Feixiang and Yuanshi counties are located in the FRB,. Qinglong county is located in the neighboring basin of FRB.
a Real price in 1990.
Source: Authors’ surveys in 30 randomly selected 30 villages from 3 selected counties of the Hebei Province.
Table 8. Groundwater irrigation investment in the 30 sample villages in Feixiang, Yuanshi and


























































































































8Data from 30 sample villages are used in this model.
9Technical efficiency is defined as the ratio of observed water output to potential water output (water frontier output).
Table 9. Changing structure of property rights in groundwater irrigation systems, 1983–98.
Year  Collective v noncollective   Within collective      Within noncollective
(%) Collective Noncollective Pure Quasi Shareholding Private
1983 83 17 52 48 100 0
1990 56 44 24 76 99 1
1997 32 68 16 84 87 13
1998 31 69 18 82 86 14





























































































































































































































Table 10. Determinants of property rights innovation in groundwater irrigation.a
Variables Share of noncollective property rights of
groundwater irrigation system (%)
   Ordinary Least Squares Random effect
Case 1b Case 2b model
Constant -132.022 -404.156 -111.367
(-0.69)c (-4.55)*** (-1.99)**
Water resources endowments
Groundwater table level in the last year (log) 4.817 66.031 13.246
(1.39) (3.33)*** (2.64)***
Share of surface water use in irrigation (%) 0.430 0.435 0.455
(2.72)*** (3.07)*** (3.21)***
Environmental stress
Per capita cultivated area (log) -3.262 -83.075 -31.740
(-0.27) (-2.54)** (-1.90)**
Local community economic power
Per capita real net income of farmers (log) -9.370 -11.570 -11.740
(-1.11) (-0.91) (-1.23)
Per capita income of village collective (log) -4.074 1.340 0.250
(-1.82)* (0.72) (-0.13)
Human capital in local community
Share of agricultural labors who received middle
school or higher education (%) 1.979 0.038 1.595
(5.54)*** (0.07) (4.06)***
Policy dummy variables
With fiscal subsidies for water project 9.359 13.479 13.873
(1.25) (2.06)** (2.12)**
With subsidized loan for water project -27.680 -62.107 -30.018
(-4.14)*** (-2.10)** (-2.90)***
Road condition dummy 13.383 21.947 19.037
(1.84)** (2.24)** (2.29)**
29 village dummy variablesd -e omit -
R2 0.458 0.833 0.619
Adjusted R2 0.413 0.755 -
F 10.31 10.63 -
Chi2 - - 137.77
Degree of freedom 110 81 110
aThe sample size is 120.
b“Case 1” does not include the village dummy variables while “case 2” includes village dummy variables.
cNumbers in parentheses are t statistics (case 1 and case 2) or z statistics (random effects model).
 “*”, “**” and “***” represent statistically significant at 10%, 5% and 1%, respectively.
dCoefficients for village dummy variables have not been listed.































































































10Data of 87 samples of groundwater irrigation systems are used in estimation.
11In this research, we assume institutional variables to be exogenous variables.
Table 11. Estimated results of stochastic water production frontier model.
Variables Water Productioni (log)a
Case 1b Case 2b
Coefficient T statistic Coefficient T statistic
Constant 2.410 (16.24)***c 2.408 (16.79)**
Fixed cost (log) 0.080 (2.85)*** 0.081 (2.88)***
Variable cost (log) 0.255 (5.95)*** 0.254 (6.00)***
Labor (log) 0.389 (7.16)*** 0.389 (7.38)***
Average water table level (log) 0.049 (0.92) 0.056 (1.04)
Dummy for 1997 0.034 (1.52) 0.033 (1.46)
Dummy for 1998 0.026 (1.21) 0.027 (1.23)
County dummy: Feixiang -0.196 (-2.51)** -0.208 (-2.64)***
County dummy: Yuanshi -0.106 (-2.02)** -0.110 (-2.07)**
Variables influencing technical efficiency
Constant 0.459 (7.77)*** 0.460 (8.38)***
Dummies for property right
Noncollective -0.084 (-2.44)** d -
Shareholding - - -0.088 (-2.87)***
Private - - -0.028 (-0.40)
Dummy for management with bonus -0.085 (-1.99)** -0.101 (-2.59)***
Irrigation system scale:
Annual maximum irrigated area (ha) -0.023 (-12.57)*** -0.022 (-3.89)***
Management ability of manager
Schooling years (years) 0.001 (0.16) 0.001 (0.17)
Irrigation system age
Founding years (years) -0.014 (-2.19)** -0.013 (-2.19)**
∆ 2  0.019 (4.64)*** 0.018 (6.12)***
Γ 0.912 (24.98)*** 0.907 (26.56)***
Max. likelihood value 155.09 155.72
Average value of technical efficiency 0.818 0.819
aThe sample size is 189.
bProperty right dummy variables in “case 1” are divided into two kinds: collective and noncollective; while those in “case 2” are
 divided into three kinds: collective, shareholding, and private.
c:“*”, “**”, and “***” represents statistically significant at 10%, 5%, and 1%, respectively.
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































13A special report on groundwater presented at the final regional seminar held in May 2002 in Bangkok.
14The authors of this paper are Jinxia Wang and Jikun Huang (they acknowledge the financial support of the Interna-
tional Water Management Institute (IWMI), Asian Development Bank, the National Natural Sciences Foundation
(70003011, 79725001 and 70024001) in China and EU-INCO, IC4-CT-2001-10085). Jinxia Wang is Postdoctoral Sci-
entist of IWMI and Associate Professor of the Center for Chinese Agricultural Policy (CCAP), Institute of Geographical
Sciences and Natural Resources Research (IGSNRR), Chinese Academy of Sciences (CAS). Jikun Huang is Director


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 1.  General situation in sample site.
Cultivated area Share of Per capita Share of surface Share of non-collective
(1,000 ha) irrigated area cultivated area  water use in tube-well ownership
(%) (ha/person) irrigation (%) of GWIS (%)
Qinglong County
1983 1.05 13 0.07 29 0
1990 0.98 15 0.06 31 4
Average in
1997-1998 0.93 42 0.06 6 69
Yuanshi County
1983
* 2.02 94 0.11 7 28
1990 1.92 95 0.10 15 48
Average in
1997-1998 1.81 95 0.08 0 63
Feixiang County
1983 1.62 61 0.15 0 9
1990 1.53 69 0.13 1 54
Average in
1997-1998 1.50 83 0.12 0 80






























































































































































































































































































































































































































































































































Table 2.   Cropping pattern changes in three sample counties.
Note: Cash crops include cotton, oil-bearing crops and vegetables, etc.
Source: see table 1.
Total sown area Share of sown area of Share of sown area of
(1,000 ha) grain crops  (%) cash crops (%)
Sum Wheat and maize Others Sum Cotton Others
Qinglong County
About 1983* 1.10 99 38 61 1 0 1
1990 1.08 98 41 57 2 0 2
Average in 1997-1998 1.13 95 55 40 5 0 5
Yuanshi County
About 1983* 3.47 87 84 3 13 7 6
1990 3.41 88 86 2 12 7 5
Average in 1997-1998 3.37 93 91 2 7 3 4
Feixiang County
About 1983* 2.38 73 66 8 27 23 4
1990 2.39 78 72 6 22 19 3
Average in 1997-1998 2.50 93 85 8 7 3 4
Year Sources of groundwater irrigation investment (%)
Total State Collective Farmers Others
1983 100 21 12 67 0
1990 100 10 11 69 11
1998 100 3 5 92 0
Source: Authors’ surveys in 30 randomly selected 30 villages from 3 selected counties of Hebei Province.
Table 3. Groundwater irrigation investment in the 30 sample villages in Feixiang, Yuanshi and












































































































































































































































































































































































































Table 4.  Changing structure (%) of tube-well ownership, 1983-98.
Year Collective vs. non-collective Within collective Within non-collective
Collective Non-collective Pure Quasi Shareholding Private
1983 83 17 52 48 100 0
1990 56 44 24 76 99 1
1997 32 68 16 84 87 13




























































































Non-collective Groundwater Groundwater Villages receiving Villages receiving
Property right table irrigation area water finance water credit
(%) (meter)   (%)  subsidy (%)  (%)
Grouped by share of non-collective
0 0 42 16
1-50 30 43 3
51-99 77 40 1




















































































Table 6. Relationship between tube-well ownership innovation and economic power of local
community.
Grouped in Average share Per-capita net Per-capita Year Average share of Per-capita Per-capita
share of non- of non-collective  income of  income of non-collective net income income of
collective tube- tube-well farmers  collective tube-well of farmers  collective
well ownership ownership  (yuan/year) (yuan/year)  ownership (yuan/year) (yuan /year)
(%)   (%) (%)
0 0 705 39 1983 17 498 40
1-50 30 811 23 1990 44 778 28
51-99 77 788 19 1997 68 901 36
100 100 914 21 1998 69 951 38


















































































































































































































































































































































































Table 7. Relationship between tube-well ownership innovation and human capital, environmental
stresses.
Grouped in Average share Share of Per capita Year Average share Share of Per capita
share of of non-collective middle school  cultivated  of non-collective middle-school cultivated
non-collective tube-well educated  area  tube-well educated  area
tube-well ownership  labor (ha) ownership labor (ha)
ownership (%) (%)   (%) (%)
(%)
0 0 39 0.10 1983 17 31 0.11
1-50 30 42 0.11 1990 44 44 0.09
51-99 77 51 0.10 1997 68 51 0.08














































































































































































































































































Table 8.  Relationship between tube-well ownership innovation and market development, water
finance and credit policy.
Grouped in Average share of Share of Share of Share of Year Average Share of Share of Share of
share of non-collective villages villages villages share of villages villages villages
non-collective tube-well that  that with road non-  that  that with
tube-well ownership  received received  (%) collective  received received road
ownership   (%) water water property water water (%)
(%) finance  credit  right finance credit
subsidy (%) (%) subsidy (%)
(%) (%)
0 0 23 62 51 1983 17 6 50 47
1-50 30 31 50 81 1990 44 23 53 73
51-99 77 48 56 88 1997 68 47 53 77





































































































































































































































































































































































































































































Dependent variables   Private (%)
OLS Random
effect model
 Case 1 Case 2
 Constant -132.022 -404.156 -111.367
(-0.69)b (-4.55)*** (-1.99)**
 Water-resources endowments
    Ln (Wtable) 4.817 66.031 13.246
(1.39) (3.33)*** (2.64)***






    Ln (Land) -3.262 -83.075 -31.740
(-0.27) (-2.54)** (-1.90)**
 Local economy
    Ln (Income) -9.370 -11.570 -11.740
(-1.11) (-0.91) (-1.23)
    Ln (Revenue) -4.074 1.340 0.250
(-1.82)* (0.72) (-0.13)
 Human capital




 Policy dummy variables
    Finance 9.359 13.479 13.873
(1.25) (2.06)** (2.12)**
    Credit -27.680 -62.107 -30.018
(-4.14)*** (-2.10)** (-2.90)***
 Market development dummy variables
    Road 13.383 21.947 19.037
(1.84)** (2.24)** (2.29)**
    29 village dummy variablescd --
    R2 0.458 0.833 0.619
    Adjusted R2 0.413 0.755 -
    F 10.31 10.63 -
    Chi2 - - 137.77
    Degree of freedom 110 81 110
a= Sample size is120
b= Numbers in brackets represent t statistic test (case 1 and case 2) or Z statistic test (Random effects
model); “*”, “**”0and “***”represents statistic significance at 10%, 5% and 1% levels, respectively.
cIn order to save space, coefficients of village dummy variables have not been listed.  Estimating results
show that most coefficients of independent variables are statistically significant
dIndicates the variable has not been included in the model or there is no estimating in the item.











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 10.  Relationship between tube-well ownership innovation and market development, water
finance and credit policy.
Groups Share of sown area of grain crops (%)               Share of sown area of cash crops (%)
Sum Wheat and Others Sum Cotton Others
maize
By share of non-
collective property
right (%)
0-0.99 90 74 1610 7 3
1-89.9 89 79 1111 6 5











































































































































































































































Table 11. Estimates for econometric model of cropping pattern determinants.
Independent AreaG AreaC Areao
variables Case 1 Case 2 Case 1 Case 2 Case 1 Case 2
Constant 82.530 99.377 7.448 -10.100 10.022 10.723
(25.19)*** (13.14)*** (2.39)** (-1.41) (5.69)*** (2.64)***
Private -0.078 -0.082 0.033 0.039 0.045 0.043
(-3.42)*** (-3.63)*** (1.54) (1.83)* (3.63)*** (3.54)***
Ln (Quota) 3.029 2.964 -0.730 -0.649 -2.299 -2.315
(4.07)*** (3.99)*** (-1.03) (-0.92) (-5.75)*** (-5.82)***
Wsource 0.031 0.028 -0.023 -0.019 -0.008 -0.009
(0.92) (0.83) (-0.72) (-0.59) (-0.44) (-0.50)
PriceG/Pricef 2.604 -3.336 0.732
(0.15) (-0.20) (0.08)
PriceC/Pricef -5.430 5.713 -0.283
(-2.90)*** (3.21)*** (-0.28)
Nincome 0.108 0.095 -0.054 -0.037 -0.054 -0.058
(1.81)* (1.65)* (-0.96) (-0.67) (-1.69) (-1.88)*
Adjusted  R
2 0.43 0.43 0.40 0.40 0.29 0.23
F 10.86 12.26 9.66 10.83 5.41 6.06
Note:”*”,”**”,”*** represent statistically significant at 10 percent, 5 percent and 1 percent, respectively.  Estimation results of county



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































15The authors of this paper are Helmi and Ifdal, from the Center for Irrigation, Land and Water Resources, and Devel-





















































































































































































































































































































































































































































































































































































































































Figure 1. Inflows, water uses and zoning of part of the Ombilin river.
    




        
      
  
      
  
    
      
      
    
        
    
        
      
        
        
      
      
      
    
      
      
        
     
        
        
    
      
  
        
    
    
    
        
      
      
  





























































































































































































































































































































































































































































































































































































































































































Table 1.  Results of the water balance computation for the Ombilin river.
Items Zone A Zone B Zone C
Inflow Outflow Inflow Outflow Inflow Outflow
m3/det m3/det m3/det m3/det m3/det m3/det
Singkarak lake 3.33 -
Bengkawas river 1.19 -
Katialo river 2.97 -
Silaki river 0.07 -
Irrigation
(Agriculture) - 0.41
Water Balance 7.56 0.41 7.15
Selo river 3.96
Irrigation (Agriculture) - 0.92
Talawi Domestic
WS Company - 0.04
PLN Thermal Water
Power Plant - 0.01 flowing
TBO Thermal downstream
Power Plant - 1.90
Coal washing - 0.14
Rantih Pump Station
(Domestic WS) - 0.40
Water Balance 11.11 3.41 7.71
Malakutan river 1.32 -
Lunto river 0.64 -
Lasi river 2.02 -
Irrigation
(Agriculture) - 1.49


























































































































































































































































































































































































Year Number of Total Total number of
waterwheels service area  farmers involved
1996 366 549 729
1997 296 470 621
1998 237 405 556
1999 195 343 478
2000 184 333 463
Source: Field inventory.





























































































































































































































































































































































































































































Table 3. Damage intensity and average rehabilitation costs of waterwheels and weirs before and
after development of the Singkarak HEPP.
Before HEPP After HEPP % increase
Frequency of damage (times per season)
Waterwheels 1 2.5 150
Weirs 1 4.5 350
Rehabilitation costs
Waterwheels Rp 150,000 Rp 1,100,000 633






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































16The authors of this paper are, R. N. Kayastha and Dhruba Pant, Senior Divisional Engineer, Water Energy Commis-
sion Secretariat and Research Coordinator, IWMI/Nepal, respectively.















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 1. Water utilities in the East Rapti river basin.
Type of utility Number Who owns Who operates Legal
utility utility status of
operator
Surface 214 Government and WUAs = 208 Govt. department
irrigation farmers both Jointly by the local WUAs:
systems collectively and government and Some recognized
individually farmers - 6 by  law and some
informal
Groundwater STW=589 Mostly by individual Mostly by individual Some recognized
schemes Dug-wells=1,809 farmers and some farmers and some by law and some
Treadle pumps=47 in groups in groups informal
Domestic water 45 Municipality-level Municipality-level Majority of user
supply schemes schemes (3 schemes) schemes by Water groups are legally
by the government Supply Corporation recognized
and village-level and village-level
schemes by users’ schemes by users’
groups groups
Hydropower plants One The government Nepal Electricity Government body
Authority
Wastewater None Not applicable Not applicable Not applicable
treatment plants
Wetlands and Numerous–exact Royal Chitwan Park officials and Buffer-zone
other water bodies number yet to be National Park local people in peoples’
ascertained buffer zone committeest are
legally recognized
Hand pumps Numerous – exact Individual farmers Individual farmers Informal and
number not private
available























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































18This paper is coauthored by Honorato L. Angeles, Jose L. Tabago, Aurora S. Paderes and Maria Excelsis M. Orden,
all from the Central Luzon State University. They acknowledge the contributions from the following members of the
research team: Engr. Carlito M. Gapasin, Mr. Rubenito Corpuz, Engr. Lorie M. Cabanayan and Ms. Elizabeth De
Guzman, and Mr. Wilson Yukit, CMIPP IDO.=<
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Table 1. Basic profile of the UPRB.
1. Basin Characteristics
General Information
Geographical area 4,200 km2
Location N14o 45' to N16o 10'; E 120o 20' to E 121o15'
Physiographic features Plains 90%; Mountainous 10%
Average rainfall
Normal year 1,900 mm
Dry year 1,100 mm
Agroclimatic information (Average for 1989–1999)
Location Total rainfall Total evaporation Average temperature Average humidity
(mm)  (mm)  (oC) (%)
CLSU 1,994 1,904 28 75
Cabanatuan City 1,754 1,847 28 81
2. Facilities/ Assets
No. of irrigation schemes (surface irrigation) 4 major systems
No. of hydropower plants 1
No. of rainfall stations 2
No. of pan evaporation stations 2
Large reservoir 1 (2,996 million m3) Irrigation, hydropower, industry
Shallow wells 1,571 Deep wells 11
3. Urban Centers
No. of urban centers 4 Area of urban centers        807 km2
4. Socioeconomic Data
Total population  1.374 million (1990)
 1.583 million (1995)
No. of households  308,347 (1995)
Average household size  5
Population density  341 p/ km (1995)
Maximum population in
the urban sector  490,425 (1990)
Maximum population in
the rural sector  884,470 (1990)
Ratio of urban: rural population 1:1.8
Per capita land area 0.006 km2
 (1995)
Households with piped water 28% of total
Number of IAs (under NIS) 365
Number of IA members IAs (under NIS) 61,880
5. Land Use and Agriculture
Cultivated area 254,490 ha
Urban land area  67,365 ha
Irrigated area  200,987 ha
Average landholdings  1.4 ha – 3.0 ha
Major farm crops: rice, onion, garlic, vegetables
Cropping intensity 120% (1998)
154% (1999)



































































































































































































































































































































Arable land, crops mainly cereals and sugar
Built-up area
Closed canopy, mature trees covering >50%
Cultivated area mixed with bushland and grassland
Grassland, grass covering >50%
Lake
Mossy forest
Open canopy, mature trees coveing <50%
Other plantations
River beds
Geographical area = 420,000 ha
Cultivated area = 254,490 ha



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 2. Information discussed during the TSAG meetings, Banaag ng Pag-asa IA.
Date of Place of meeting Matters taken up Attendance (%)
meeting
09/12/01 Pamaldan, Objective of strengthening the organization 36
Cabanatuan City Need to rehabilitate the 4–5 km farm-to-market road
not included in first resolution made and approved by
the Governor
Problem in their mini dam
Rehabilitation of canal
Schedule of the next meeting
Agenda for the next meeting
09/14/01 Rajal Norte, NIA’s IMT program and the CLSU-IWMI 24
Sta. Rosa research project
Strengthening of IA for effective water management
Problem of heavily silted farm ditches
09/19/01 San Pablo Matanda, NIA’s IMT program and role in providing irrigation 37
Aliaga service and the CLSU-NIA-IWMI-funded research project
Strengthening of IA
Need to rehabilitate the farm-to-market road
Schedule of the next meeting
Agenda for the next meeting
09/20/01 San Pablo Bata, NIA’s IMT program and role in providing irrigation 36
Aliaga  service and the CLSU-NIA-IWMI-funded research
to strengthen IA
Need to rehabilitate the mini dam or “pritil”
Presence of illegal turnouts
Desilting of lateral AM3
President G.M. Arroyo’s program
09/27/01 Pamaldan, Review of the minutes of the previous meeting 64
Cabanatuan City  (September 12, 2001)
NIA’s IMT program, constitution and bylaws
Identification and presentation of officials
Resolution requesting for the repair of the
farm-to-market road
Schedule of the regular meeting
09/28/01 San Pablo Bata, NIA’s IMT program and role in providing irrigation 100
Aliaga service and the CLSU-NIA-IWMI-funded research
CLSU as a government institution of higher education





10/12/01 Cinco-cinco, NIA’s IMT program and CLSU-NIA-IWMI- 27
Cabanatuan City funded research
CLSU as a government institution for students and center
for technology promotion
Strengthening the IA
Problems on water management and distribution
10/23/01 Rajal Norte, NIA’s IMT program and CLSU-NIA-IWMI-funded research 50
Sta. Rosa Strengthening of the IA
Illegal turnouts
Rehabilitation of only one lateral
Desilting of lateral AM3







































































































































































































































































































































































































































19This paper is by K. Jinapala and P. G. Somaratne, Research Associate and Research Officer, respectively, of the
































































































































Figure 1. Framework adopted in the study.
 
Characteristics of natural
resources (land and water)
Water accounting in the basin
Socioeconomic characteristics in
relation to land and water
Performance of irrigated
agriculture
Analysis of current water
management institutions
Analysis of strengths, weaknesses,
opportunities, and threats for land
and water resource development
Analysis of water availability
for present and future use
Analysis of water-resource-
related issues faced by users
Identification of problems faced




Conceptual approach of the study













































































































Table 1.  Examples of human-intervention activities and the related environments.
Environment Human interventions in the environment
Physical Development of water resources for various uses, such as agriculture, industry
and power generation, etc. Utilization of land for agriculture.
Biological Utilization of forest resources for various activities, and for animal and human
use.
Social Population increase, social equity, distribution of resources, income









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Main income sources Past 10 years Present Change
 (%)  (%)
Agriculture 76 45 Significant
Wage labor 10 14 Moderately significant
Govt./private-sector employment 11 27 Significant
Livestock 1 1 No change
Foreign employment 1 2 Significant
Self employment 6 17 Significant
Govt. welfare assistance 0 1 Significant
Source: Household survey in small tank systems.





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 3.  Basic information on organizations in the basin.
Name Type of Area of jurisdiction
organization
Irrigation Department National Irrigation Engineer’s (IE) Division
Irrigation Management Division National Irrigation Scheme
Department of Agrarian Services National Divisional Officers Division
(Administrative Division)
National Water Supply and National District Level
Drainage Board
Environmental Authority National and Provincial National and Provincial Levels
Water Resources Board National National
Cost Conservation Department National National


















































































































































































































































































































































































































































































































































































































































































Figure 3.  Proposed new organizational structure for Deduru Oya basin.
River Basin Management Committee
(RBMC)
District Water Resource  
Management Committee
Divisional Water Resource  
Management Committee










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 Table 1.  Land use in the Deduru Oya basin.
Land category Usage Extent Land distribution
 (ha)  (%)
Developed lands 239,810  91
Buildup lands    520  0.2
Homesteads 35,050 13.4
Tea lands    240  0.1
Rubber Lands  4,680 1.8
Coconut lands 95,560 36.4
Mixed trees  1,950  0.7
Paddy lands 48,655 18.6
Sparsely used croplands (chena and  highlands) 50,500 19.3
Planted forests  2,655 1.0
Undeveloped lands 22,440 9
Dense forest  4,225 1.6
Open forest  1,155 0.4
Scrublands  4,035 1.5
Grasslands      55   0.02
Water bodies 11,410 4.4
Barren lands  1,420 0.5
Mangroves     90   0.03
Marshes    50   0.02
Data source: Land Use Maps, Department of Survey, 1989.
Table 2.  Details on water accounting in the basin.
Data in MCM
Component 1994 94/95 1995 95 /96 1996 96/97 1997 97/98 1998
yala  maha yala maha yala maha yala maha yala
Climatic condition Dry Avg. Wet Dry Avg. Dry Wet Wet Wet
Gross inflow 1,202 2,071 2,005 1,578 1,745 1,558 2,172 3,031 2,010
Storage changes 259 -179 71 9 40 -40 -9 -150 150
Net inflow 1,407 1,891 2,076 1,587 1,785 1,518 2,163 2,880 2,160
Process depletion 615 985 1019 842 840 968 967 1109 969
Non-process depletion
(beneficial) 245 305 386 205 401 205 392 319 392
Non-process depletion
(non-beneficial) 243 196 255 192 485 116 350 135 299
Uncommitted outflow 358 406 416 349 85 230 454 1318 500
Table 3. Employed persons by major employment groups, 1997.
Districts Total Agriculture Mining & Manu- Electric Cons- Trade Transport Other*
quarrying facturing gas & truction  and
water hotel
(000) % % % % % % % %
Kurunegala 554 239 43.2 7 1.2 80 14.5 2 0.4 21 3.83 44 7.9 22 3.9 139 25.0
Puttlam 210 76 36.4 5 2.2 43 20.4 - 0.02 14 6.77 25 11.9 10 4.7 37 17.6
All-Island 5,608 2,032 36.2 92 1.6 920 16.4 31 0.5 312 5.56 696 12.4 268 4.8 1,257 22.4
Source: Department of Census and Statistics: District Profile of Labor Force 1997.
*Other activities include individual services, real estate, insurance and miscellaneous.7
Table 4.  Existing rules and regulations for water resource development and management.
Enactment Date Key provisions Agency/agencies
responsible for implementing
legal provisions
The Irrigation 1946 The Irrigation Ordinance provides the Minister of Irrigation, DS,
Ordinance No.32 regulations for the Divisional Secretaries IMD PC
(DSs) to prepare plans for new minor
irrigation schemes or introduce changes to
existing schemes. The approval of the
Minister is required to prepare plans for
major irrigation schemes under the terms of
this ordinance. The ordinance also provides
for holding cultivation meetings in major
irrigation schemes. There are provisions to
take seasonal cultivation decisions at a
special meeting of an Irrigation Management
Division Project Committee (IMD PC)
attended by the Divisional Secretary.
The Crown Land 1947 The right to use, flow, management, and DS
Ordinance (The State control of any public lake is vested in the
Land Ordinance)  state under this ordinance. It makes a
distinction between public and private waters.
Part IX of the ordinance provides for the
regulation and control of public waters and
streams through a system of permits. Water
for irrigation is exempted from license
requirements.
The Electricity 1950 This Act provides for licensing installations Ministry of Irrigation and
Act No.19 for the generation of electricity. These Power
(as amended) licenses confer all rights necessary for the
purpose of  electricity generation, including
rights to use water.
The Soil and Water 1951 This Act empowers the Minister of The Minister of Agriculture
Conservation Act Agriculture to declare areas subjected to
soil erosion as erodible areas. The Minister
may make regulations applicable to these
areas requiring the owners of land to take
measures to afforest the banks or watercourses
or to maintain a strip of land along the banks
of watercourses free from cultivation.
The Agrarian Service Act 1979 Provides for tenure security in irrigated Commissioner of Agrarian
(as amendment and lands and sound management of agricultural Services
continuation of the Paddy activities and water in small tank systems
Lands Act No.1 of 1958) through  Agrarian Service Committees and
farmer organizations
The Mahaweli Authority of 1979 This Act empowers the Mahaweli Authority The Mahaweli Authority
Sri Lanka Act, No. 23 to use and develop the water resources of
(as amended)  the Mahaweli river.
The National Water 1974 This Act empowers the National Water The NWS&DB
Supply and Drainage Supply and Drainage Board (NWS&DB)
Board Act No. 2 to direct and use water to provide water
(as amended)  supply for public, domestic and industrial
purposes without other approval.
The National Environment 1988 Provides for environmental pollution The National Environmental
Act (as amended) control, including the pollution of water Authority, (Authority over
and protection  of sensitive habitats some activities has been
such as lagoons and lakes. delegated to Provincial
Environmental Authorities)
Participatory Irrigation 1988 Provides direction for handing over of Irrigation Management
Management Policy full responsibilities over O&M and resource Division and Irrigation



















































































































































































































































































































































































































































20The paper was compiled by Eric Biltonen of IWMI, Bancha Kwanyuen and Kobkiat Pongput of Kasetsart Univer-

































































































































































































































































































































































21Department of Irrigation Engineering 2002.  Water resources of 25 river basins of Thailand, Kasetsart University.
2002. www.eng.ku.ac.th/~irre/E25BASIN.HTM
Study Area Code
Khlong Phra Sathung KPS
Khlong Phra Prong KPP










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































River basin Number of Range of catchment area
subbasins (sq. km.)
Khlong Talat 17 5.68 - 976.00
Khlong Luang 6 53.00 - 528.00
Main Bang Pakong 6 24.74  - 746.22































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 2.  Water accounting data and calculated indicators for the Bang Pakong river basin
(1994 = normal).
Items Nakhon Nayok Khlong Luang Main Bang Pakong+Talat
      Wet Dry Total Wet Dry Total Wet Dry Total
Gross inflow 2,939.8 334.1 3,273.9 1,864.3 445.7 2,309.9 10,070.3 503.4 10,573.6
 Surface  inflow 0.0 0.0 0.0 0.0 0.0 0.0 5,306.8 50.4 5,357.2
 Subsurface  inflow N/A N/A N/A N/A N/A N/A N/A N/A N/A
 Precipitation 2,939.8 334.1 3,273.9 1,864.3 445.7 2,309.9 4,763.5 453.0 5,216.5
Net inflow 2,211.7 1,062.2 3,273.9 1,618.8 691.2 2,309.9 8,417.3 2,156.3 10,573.6
 Gross  inflow 2,939.8 334.1 3,273.9 1,864.3 445.7 2,309.9 10,070.3 503.4 10,573.6
 Dstorage 728.1 -728.1 0.0 245.5 -245.5 0.0 1,653.0 -1,653.0 0.0
 Net inflow 2,211.7 1,062.2 3,273.9 1,618.8 691.2 2,309.9 8,417.3 2,156.3 10,573.6
 Depleted water 1,329.7 1,040.5 2,370.2 1,279.0 684.9 1,963.9 2,242.4 2,065.2 4,307.6
Process water 987.8 795.4 1,783.1 1,180.4 628.3 1,808.7 1,852.1 1,582.3 3,434.4
Water uses intended
by humans 1.1 1.1 2.1 3.4 3.4 6.8 2.1 2.1 4.1
Evapotranspiration by
crops (ET) 955.9 792.7 1,748.6 1,170.8 620.3 1,791.1 1,823.6 1,559.6 3,383.1
Evaporation from
municipal and industrial
uses (M&I) 1.3 1.3 2.7 4.3 4.2 8.5 2.6 2.6 5.2
Beneficial non-process water 339.2 242.0 581.2 62.8 32.4 95.2 363.7 452.5 816.2
Low or non-beneficial
Non-process water 2.7 3.2 6.0 35.8 24.3 60.0 26.6 30.4 57.0
% Compare with rainfall 1.0 0.1 0.9 0.1 0.1 0.1 0.5 4.0 0.8
  Flows to sinks 29.4 0.3 29.7 1.9 0.4 2.3 23.8 18.1 41.9
 Available  water 1,417.9 1,042.7 2,460.6 1,312.9 685.6 1,998.5 2,859.9 2,074.3 4,934.2
 Outflow  (VP) 1,612.3 20.2 1,632.5 336.3 8.8 345.1 6,661.1 97.8 6,759.0
  % Compare with VP 54.7 107.1 55.4 101.0 71.3 100.3 92.7 93.2 92.7
 Outflow 882.0 21.6 903.7 339.8 6.2 346.1 6,174.8 91.2 6,266.0
 Uncommitted  outflow 855.6 21.0 876.6 329.6 6.1 335.7 5,989.6 88.4 6,078.0
 Utilizable  outflow 88.2 2.2 90.4 34.0 0.6 34.6 617.5 9.1 626.6
 Nonutilizable  outflow 767.4 18.8 786.2 295.6 5.4 301.1 5,372.1 79.3 5,451.4
 Committed  outflow 26.5 0.6 27.1 10.2 0.2 10.4 185.2 2.7 188.0
Depleted fraction of
Gross inflow (DFGI) 0.45 3.11 0.72 0.69 1.54 0.85 0.22 4.10 0.41
Depleted fraction of
Available water (DFAW) 0.94 1.00 0.96 0.97 1.00 0.98 0.78 1.00 0.87
Process fraction of available
Water (PFAW) 0.70 0.76 0.72 0.90 0.92 0.91 0.65 0.76 0.70
Process fraction of available
Water for agriculture (PF
AW-ag) 0.79 0.89 0.83 0.92 0.94 0.93 0.69 0.87 0.76
Process fraction of
Depleted water (PF
TD) 0.74 0.76 0.75 0.92 0.92 0.92 0.83 0.77 0.80
Beneficial utilization of available
water or basin efficiency
(BU or BE) 0.94 0.99 0.96 0.95 0.96 0.95 0.77 0.98 0.8676
Table 3.  Water accounting data and calculated indicators for the Bang Pakong river basin
(1995 = wet).
Items Nakhon Nayok Khlong Luang Main Bang Pakong+Talat
      Wet Dry Total Wet Dry Total Wet Dry Total
Gross inflow 3,850.7 372.5 4,223.2 2,098.9 445.1 2,544.0 11,679.0 545.1 12,224.1
 Surface  inflow 0.0 0.0 0.0 0.0 0.0 0.0 6,440.0 31.9 6,471.9
 Subsurface  inflow N/A N/A N/A N/A N/A N/A N/A N/A N/A
 Precipitation 3,850.7 372.5 4,223.2 2,098.9 445.1 2,544.0 5,239.0 513.2 5,752.1
Net inflow 3,059.8 1,163.4 4,223.2 1,846.9 697.1 2,544.0 9,970.1 2,254.0 12,224.1
 Gross  inflow 3,850.7 372.5 4,223.2 2,098.9 445.1 2,544.0 11,679.0 545.1 12,224.1
 Dstorage 790.9 -790.9 0.0 251.9 -251.9 0.0 1,708.9 -1,708.9 0.0
Net inflow 3,059.8 1,163.4 4,223.2 1,846.9 697.1 2,544.0 9,970.1 2,254.0 12,224.1
 Depleted  water 1,893.2 1,143.0 3,036.1 1,308.5 689.7 1,998.2 2,415.4 2,153.7 4,569.2
 Process  water 1,409.9 568.5 1,978.4 1,206.2 625.0 1,831.2 1,990.7 1,669.4 3,660.0
  Water uses intended
by humans 1.1 1.1 2.2 3.7 3.6 7.3 1.4 1.3 2.7
 Evapotranspiration
by crops (ET) 1,368.8 565.6 1,934.4 1,195.9 616.4 1,812.3 1,961.4 1,420.0 3,381.4
 Evaporation  from
municipal and
industrial uses (M&I) 1.4 1.4 2.8 4.6 4.5 9.1 1.7 1.7 3.4
 Beneficial  non-process
water 480.5 571.3 1,051.8 66.5 40.5 107.0 396.8 452.5 849.3
  Low or non-beneficial
Non-process water 2.7 3.2 6.0 35.8 24.3 60.0 28.0 31.9 59.8
  % Compare with
rainfall 1.0 0.1 0.9 0.1 0.1 0.1 0.5 48.0 4.7
  Flows to sinks 38.5 0.4 38.9 2.1 0.4 2.5 26.2 246.3 272.5
 Available  water 2,009.8 1,145.0 3,154.8 1,362.3 690.5 2,052.8 3,170.9 2,163.8 5,334.7
 Outflow  (VP) 1,612.3 20.2 1,632.5 336.3 8.8 345.1 6,661.1 97.8 6,759.0
  % Compare with VP 72.4 101.2 72.7 160.1 83.6 158.2 113.4 102.5 113.3
 Outflow 1,166.6 20.5 1,187.1 538.5 7.3 545.8 7,554.6 100.3 7,654.9
 Uncommitted  outflow 1,131.6 19.8 1,151.5 522.3 7.1 529.4 7,328.0 97.2 7,425.2
 Utilizable  outflow 116.7 2.0 118.7 53.8 0.7 54.6 755.5 10.0 765.5
 Nonutilizable  outflow 1,015.0 17.8 1,032.8 468.5 6.4 474.8 6,572.5 87.2 6,659.7
 Committed  outflow 35.0 0.6 35.6 16.2 0.2 16.4 226.6 3.0 229.6
                      
Depleted fraction of
Gross inflow (DFGI) 0.49 3.07 0.72 0.62 1.55 0.79 0.21 3.95 0.37
Depleted fraction of
Available water (DFAW) 0.94 1.00 0.96 0.96 1.00 0.97 0.76 1.00 0.86
Process fraction of
Available water (PFAW) 0.70 0.50 0.63 0.89 0.91 0.89 0.63 0.77 0.69
Process fraction of
Available water for
agriculture (PFAW-ag) 0.80 0.71 0.77 0.91 0.94 0.92 0.67 0.75 0.70
Process fraction of
Depleted water (PFTD) 0.74 0.50 0.65 0.92 0.91 0.92 0.82 0.78 0.80
Beneficial utilization of
available water or basin
efficiency (BU or BE) 0.94 1.00 0.96 0.93 0.96 0.94 0.75 0.98 0.857<
Table 4.  Water accounting data and calculated indicators for the Bang Pakong river basin
(1996 = dry).
Items Nakhon Nayok Khlong Luang Main Bang Pakong+Talat
      Wet Dry Total Wet Dry Total Wet Dry Total
Gross inflow 2,759.0 411.8 3,170.8 2,310.1 288.8 2,598.9 8,765.4 791.5 9,556.9
 Surface  inflow 0.0 0.0 0.0 0.0 0.0 0.0 4,742.2 76.7 4,818.8
 Subsurface  inflow N/A N/A N/A N/A N/A N/A N/A N/A N/A
 Precipitation 2,759.0 411.8 3,170.8 2,310.1 288.8 2,598.9 4,023.2 714.8 4,738.0
Net inflow 2,012.3 1,158.5 3,170.8 2,055.0 543.8 2,598.9 7,103.1 2,453.8 9556.9
 Gross  inflow 2,759.0 411.8 3,170.8 2,310.1 288.8 2,598.9 8,765.4 791.5 9,556.9
 Dstorage 746.7 -746.7 0.0 255.1 -255.1 0.0 1,662.3 -1,662.3 0.0
 Net inflow 2,012.3 1,158.5 3,170.8 2,055.0 543.8 2,598.9 7,103.1 2,453.8 9556.9
 Depleted  water 1,267.7 1,127.6 2,395.4 1,227.4 541.4 1,768.7 2,359.9 2,188.8 4,548.7
 Process  water 925.8 586.7 1,512.5 1,147.3 458.6 1,605.9 1,935.2 1,704.4 3,639.6
  Water uses intended
by humans 1.2 1.2 2.4 3.9 3.8 7.6 2.2 2.2 4.5
 Evapotranspiration
by crops (ET) 895.5 583.6 1,479.1 1,136.3 449.8 1,586.1 1,910.0 1,356.3 3,266.3
 Evaporation  from
municipal and industrial
uses (M&I) 1.5 1.5 3.0 4.8 4.7 9.6 2.8 2.8 5.6
 Beneficial  non-process
water 3,39.2 537.7 876.9 44.3 44.5 88.9 396.8 452.5 849.3
  Low or non-beneficial
Non-process water 2.7 3.2 6.0 35.8 38.2 74.0 28.0 31.9 59.8
  % Compare with
rainfall 1.0 0.1 0.9 0.1 0.1 0.1 0.5 48.0 7.7
  Flows to sinks 27.6 0.4 28.0 2.3 0.3 2.6 20.1 343.1 363.2
 Available  water 1,342.2 1,130.7 2,472.9 1,310.1 541.6 1,851.8 2,834.3 2,215.3 5,049.6
 Outflow  (VP) 1,612.3 20.2 1,632.5 336.3 8.8 345.1 6661.1 97.8 6,759.0
  % Compare with VP 46.2 152.6 47.5 246.1 28.2 240.6 71.2 270.9 74.1
 Outflow 744.6 30.8 775.4 827.6 2.5 830.1 4,743.2 265.0 5008.1
 Uncommitted  outflow 722.2 29.9 752.1 802.8 2.4 805.2 4,600.9 257.0 4,857.9
 Utilizable  outflow 74.5 3.1 77.5 82.8 0.2 83.0 474.3 26.5 500.8
 Nonutilizable  outflow 647.8 26.8 674.6 720.1 2.1 722.2 4,126.5 230.5 4,357.1
 Committed  outflow 22.3 0.9 23.3 24.8 0.1 24.9 142.3 7.9 150.2
Depleted fraction of gross
inflow (DFGI) 0.46 2.74 0.76 0.53 1.87 0.68 0.27 2.77 0.48
Depleted fraction of available
water (DFAW) 0.94 1.00 0.97 0.94 1.00 0.96 0.83 0.99 0.90
Process fraction of available
water (PF
AW) 0.69 0.52 0.61 0.88 0.85 0.87 0.68 0.77 0.72
Process fraction of available
water for agriculture (PFAW-ag) 0.79 0.72 0.76 0.89 0.89 0.89 0.74 0.70 0.72
Process fraction of depleted
water (PFTD) 0.73 0.52 0.63 0.93 0.85 0.91 0.82 0.78 0.80
Beneficial utilization of
available water or basin
efficiency (BU or BE) 0.94 0.99 0.97 0.91 0.93 0.92 0.82 0.97 0.89
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Table 5.  Water accounting data and calculated indicators for the Prachinburi river basin (1994 = normal).
Items Khlong Phra Sathung Khlong Phra Prong Mae Nam Hanuman Main Prachinburi
      Wet Dry Total Wet Dry Total Wet Dry Total Wet Dry Total
Gross inflow 3,021.8 398.0 3,419.8 4,148.8 366.0 4,514.8 4,022.3 265.2 4,287.6 6,810.0 346.8 7,156.8
 Surface  inflow 0.0 0.0 0.0 828.6 55.8 884.4 0.0 0.0 0.0 3,261.0 114.5 3,375.5
 Subsurface  inflow N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
 Precipitation 3,021.8 398.0 3,419.8 3,320.2 310.2 3,630.4 4,022.3 265.2 4,287.6 3,548.9 232.3 3,781.2
Net inflow 2,625.2 794.7 3,419.8 3,630.3 884.5 4,514.8 3,328.8 958.8 4,287.6 6,240.4 916.4 7,156.8
 Gross  inflow 3,021.8 398.0 3,419.8 4,148.8 366.0 4,514.8 4,022.3 265.2 4,287.6 6,810.0 346.8 7,156.8
 Dstorage 396.6 -396.6 0.0 518.5 -518.5 0.0 693.5 -693.5 0.0 569.6 -569.6 0.0
                        
Net inflow 2,625.2 794.7 3,419.8 3,630.3 884.5 4,514.8 3,328.8 958.8 4,287.6 6,240.4 916.4 7,156.8
 Depleted  water 1,796.6 738.9 2,535.5 1,864.2 802.2 2,666.5 1,833.8 926.5 2,760.4 2,155.4 893.9 3,049.3
 Process  water 1,488.7 618.8 2,107.5 1,508.3 654.1 2,162.4 629.7 287.2 916.9 1,879.4 706.0 2,585.4
  Water uses intended by
humans 0.9 0.9 1.8 0.9 0.9 1.8 0.4 0.4 0.7 1.5 1.5 3.0
 Evapotranspiration  by
crops (ET) 1,359.7 612.8 1,972.5 1,366.8 649.0 2,015.8 468.0 281.1 749.1 1,698.6 693.4 2,392.0
 Evaporation  from
municipal and industrial
uses (M&I) 1.1 1.1 2.2 1.1 1.1 2.2 0.5 0.5 0.9 1.9 1.9 3.7
  Beneficial non-process water 307.9 120.1 428.0 355.9 148.1 504.0 1,203.7 638.8 1,842.5 275.3 187.0 462.3
  Low or non-beneficial
Non-process water 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.5 1.0 0.7 0.9 1.6
  % Compare with rainfall 4.2 1.0 3.8 4.2 1.0 3.9 4.0 2.0 3.9 5.0 4.0 4.9
  Flows to sinks 126.9 4.0 130.9 139.4 3.1 142.6 160.9 5.3 166.2 177.4 9.3 186.7
 Available  water 1,879.4 744.5 2,623.9 2,040.8 810.4 2,851.3 1,983.3 929.8 2,913.1 2,563.9 896.2 3,460.1
 Outflow  (VP) 773.9 48.3 822.2 1,724.2 74.1 1,798.2 1,434.9 31.7 1,466.6 2,460.0 6.3 2,466.3
  % Compare with VP 107.1 115.5 107.6 102.4 111.1 102.8 104.2 101.5 104.1 166.1 357.5 166.5
 Outflow 828.6 55.8 884.4 1,766.1 82.3 1,848.3 1,495.0 32.2 1,527.2 4,085.0 22.5 4,107.5
 Uncommitted  outflow 803.7 54.1 857.9 1,713.1 79.8 1,792.9 1,450.1 31.3 1,481.4 3,962.4 21.8 3,984.2
 Utilizable  outflow 82.9 5.6 88.4 176.6 8.2 184.8 149.5 3.2 152.7 408.5 2.2 410.7
 Nonutilizable  outflow 720.9 48.5 769.4 1,536.5 71.6 1,608.1 1,300.6 28.0 1,328.7 3,553.9 19.6 3,573.5
 Committed  outflow 24.9 1.7 26.5 53.0 2.5 55.5 44.8 1.0 45.8 122.5 0.7 123.2
Depleted fraction of
Gross inflow (DFGI) 0.59 1.86 0.74 0.452Efficiency (BU or BE).190.59 0.46 3.49 0.64 0.32 2.58 0.43
Depleted fraction of
Available water (DFAW) 0.96 0.99 0.97 0.91 0.99 0.94 0.92 1.00 0.95 0.84 1.00 0.88
Process fraction of
Available water (PFAW) 0.79 0.83 0.80 0.74 0.81 0.76 0.32 0.31 0.31 0.73 0.79 0.75
Process fraction of available
Water for agriculture (PF
AW-ag) 0.80 0.91 0.83 0.75 0.90 0.79 0.37 0.52 0.41 0.71 0.89 0.75
Process fraction of depleted
Water (PFTD) 0.83 0.84 0.83 0.81 0.82 0.81 0.34 0.31 0.33 0.87 0.79 0.85
Beneficial utilization of available water
or basin efficiency (BU or BE) 0.96 0.99 0.97 0.91 0.99 0.94 0.92 1.00 0.95 0.84 1.00 0.88
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Table 6.  Water accounting data and calculated indicators for the Prachinburi river basin (1995 = wet).
Items Khlong Phra Sathung Khlong Phra Prong Mae Nam Hanuman Main Prachinburi
      Wet Dry Total Wet Dry Total Wet Dry Total Wet Dry Total
Gross inflow 3,708.7 441.9 4,150.7 5,048.1 468.0 5,516.1 3,581.6 381.2 3,962.8 7,660.5 353.8 8,014.3
 Surface  inflow 0.0 0.0 0.0 1,393.6 47.0 1,440.6 0.0 0.0 0.0 3,905.0 113.9 4,018.9
 Subsurface  inflow N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
 Precipitation 3,708.7 441.9 4,150.7 3,654.5 421.0 4,075.5 3,581.6 381.2 3,962.8 3,755.5 239.9 3,995.4
Net inflow 3,275.6 875.1 4,150.7 4,564.0 952.1 5,516.1 2,974.9 987.8 3,962.8 7,130.0 884.3 8,014.3
 Gross  inflow 3,708.7 441.9 4,150.7 5,048.1 468.0 5,516.1 3,581.6 381.2 3,962.8 7,660.5 353.8 8,014.3
 Dstorage 433.2 -433.2 0.0 484.1 -484.1 0.0 606.7 -606.7 0.0 530.5 -530.5 0.0
                        
Net inflow 3,275.6 875.1 4,150.7 4,564.0 952.1 5,516.1 2,974.9 987.8 3,962.8 7,130.0 884.3 8,014.3
 Depleted  water 1,882.0 828.1 2,710.1 1,961.1 881.8 2,842.9 1,672.9 944.3 2,617.1 2,395.1 880.1 3,275.2
 Process  water 1,635.7 553.7 2,189.4 1,676.3 649.1 2,325.4 751.8 318.3 1,070.2 2,184.6 707.8 2,892.4
  Water uses intended by humans 1.0 0.9 1.9 1.1 1.0 2.1 0.5 0.5 0.9 1.6 1.6 3.2
 Evapotranspiration  by
crops (ET) 1,633.6 551.5 2,185.1 1,308.5 642.5 1,950.9 715.0 309.7 1,024.7 1,242.0 694.6 1,936.7
  Evaporation from municipal
and industrial uses (M&I) 1.2 1.2 2.4 1.3 1.3 2.6 0.6 0.6 1.2 2.0 2.0 4.1
  Beneficial non-process water 246.3 274.4 520.7 284.8 232.7 517.5 920.6 625.4 1,546.0 209.8 171.4 381.2
  Low or non-beneficial
Non-process water 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.5 1.0 0.7 0.9 1.6
  % Compare with rainfall 0.0 0.0 0.0 10.0 1.0 9.1 1.0 2.0 1.1 25.0 4.0 23.7
  Flows to sinks 0.0 0.0 0.0 365.5 4.2 369.7 35.8 7.6 43.4 938.9 9.6 948.5
 Available  water 2,021.4 832.8 2,854.2 2,221.4 888.8 3,110.2 1,803.1 948.6 2,751.7 2,868.6 880.6 3,749.1
 Outflow  (VP) 773.9 48.3 822.2 1,724.2 74.1 1,798.2 1,434.9 31.7 1,466.6 2,460.0 6.3 2,466.3
  % Compare with VP 180.1 97.4 175.2 151.0 95.0 148.7 90.7 137.3 91.7 192.5 65.6 192.2
 Outflow 1,393.6 47.0 1,440.6 2,602.9 70.3 2,673.2 1,302.1 43.6 1,345.6 4,734.9 4.1 4,739.1
 Uncommitted  outflow 1,351.8 45.6 1,397.4 2,524.8 68.2 2,593.1 1,263.0 42.3 1,305.3 4,592.9 4.0 4,596.9
 Utilizable  outflow 139.4 4.7 144.1 260.3 7.0 267.3 130.2 4.4 134.6 473.5 0.4 473.9
 Nonutilizable  outflow 1,212.4 40.9 1,253.3 2,264.5 61.2 2,325.7 1,132.8 37.9 1,170.7 4,119.4 3.6 4,123.0
 Committed  outflow 41.8 1.4 43.2 78.1 2.1 80.2 39.1 1.3 40.4 142.0 0.1 142.2
Depleted fraction of
Gross inflow (DFGI) 0.51 1.87 0.65 0.39 1.88 0.52 0.47 2.48 0.66 0.31 2.49 0.41
Depleted fraction of
Available water (DFAW) 0.93 0.99 0.95 0.88 0.99 0.91 0.93 1.00 0.95 0.83 1.00 0.87
Process fraction of
Available water (PFAW) 0.81 0.66 0.77 0.75 0.73 0.75 0.42 0.34 0.39 0.76 0.80 0.77
Process fraction of available  water
for agriculture (PFAW-ag) 0.87 0.83 0.86 0.64 0.86 0.70 0.57 0.54 0.56 0.45 0.90 0.55
Process fraction of depleted
Water (PF
TD) 0.87 0.67 0.81 0.85 0.74 0.82 0.45 0.34 0.41 0.91 0.80 0.88
Beneficial utilization of available
Water or basin efficiency
(BU or BE) 0.93 0.99 0.95 0.88 0.99 0.91 0.93 0.99 0.95 0.83 1.00 0.87
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Table 7.  Water accounting data and calculated indicators for the Prachinburi river basin (1996 = dry).
Items Khlong Phra Sathung Khlong Phra Prong Mae Nam Hanuman Main Prachinburi
      Wet Dry Total Wet Dry Total Wet Dry Total Wet Dry Total
Gross inflow 2871.2 617.0 3488.2 3642.6 743.1 4385.7 3149.3 521.5 3670.9 5723.6 570.8 6294.4
 Surface  inflow 0.0 0.0 0.0 724.9 73.4 798.4 0.0 0.0 0.0 2587.8 223.3 2811.1
 Subsurface  inflow N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
 Precipitation 2871.2 617.0 3488.2 2917.6 669.7 3587.3 3149.3 521.5 3670.9 3135.8 347.5 3483.3
Net inflow 2502.6 985.6 3488.2 3180.5 1205.3 4385.7 2555.2 1115.7 3670.9 5217.2 1077.2 6294.4
 Gross  inflow 2871.2 617.0 3488.2 3642.6 743.1 4385.7 3149.3 521.5 3670.9 5723.6 570.8 6294.4
 Dstorage 368.6 -368.6 0.0 462.1 -462.1 0.0 594.1 -594.1 0.0 506.4 -506.4 0.0
Net inflow 2502.6 985.6 3488.2 3180.5 1205.3 4385.7 2555.2 1115.7 3670.9 5217.2 1077.2 6294.4
 Depleted  water 1777.6 912.2 2689.8 1770.9 1044.4 2815.3 1377.0 1053.3 2430.3 2047.2 1033.8 3081.1
 Process  water 1531.3 672.1 2203.5 1521.7 748.2 2269.9 675.1 375.3 1050.4 1784.3 830.4 2614.7
  Water uses intended by humans 1.0 1.0 2.1 1.1 1.0 2.1 0.5 0.5 1.0 1.7 1.7 3.4
 Evapotranspiration  by
crops (ET) 1328.0 663.6 1991.7 1227.6 739.1 1966.7 642.6 363.8 1006.3 1623.7 812.7 2436.3
  Evaporation from municipal
and industrial uses (M&I) 1.3 1.3 2.6 1.3 1.3 2.6 0.6 0.6 1.2 2.1 2.1 4.3
  Beneficial non-process water 246.3 240.1 486.4 249.2 296.2 545.4 701.4 677.5 1378.9 262.2 202.6 464.8
  Low or non-beneficial
Non-process water 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.5 1.0 0.7 0.9 1.6
  % Compare with rainfall 7.0 1.0 5.9 10.0 1.0 8.3 1.0 2.0 1.1 5.0 4.0 4.9
  Flows to sinks 201.0 6.2 207.2 291.8 6.7 298.5 31.5 10.4 41.9 156.8 13.9 170.7
 Available  water 1850.1 919.6 2769.7 1911.8 1060.5 2972.3 1494.8 1059.5 2554.3 2364.2 1038.2 3402.4
 Outflow  (VP) 773.9 48.3 822.2 1724.2 74.1 1798.2 1434.9 31.7 1466.6 2460.0 6.3 2466.3
  % Compare with VP 93.7 152.1 97.1 81.8 217.3 87.3 82.1 196.5 84.6 128.9 689.8 130.3
 Outflow 724.9 73.4 798.4 1409.6 160.9 1570.5 1178.2 62.4 1240.6 3169.9 43.4 3213.3
 Uncommitted  outflow 703.2 71.2 774.4 1367.3 156.1 1523.3 1142.9 60.5 1203.4 3074.8 42.1 3116.9
 Utilizable  outflow 72.5 7.3 79.8 141.0 16.1 157.0 117.8 6.2 124.1 317.0 4.3 321.3
 Nonutilizable  outflow 630.7 63.9 694.6 1226.3 140.0 1366.3 1025.0 54.3 1079.3 2757.8 37.7 2795.6
 Committed  outflow 21.7 2.2 24.0 42.3 4.8 47.1 35.3 1.9 37.2 95.1 1.3 96.4
Depleted fraction of gross inflow (DFGI) 0.62 1.48 0.77 0.49 1.41 0.64 0.44 2.02 0.66 0.36 1.81 0.49
Depleted fraction of available
Water (DFAW) 0.96 0.99 0.97 0.93 0.98 0.95 0.92 0.99 0.95 0.87 1.00 0.91
Process fraction of available water (PFAW) 0.83 0.73 0.80 0.80 0.71 0.76 0.45 0.35 0.41 0.75 0.80 0.77
Process fraction of available water for
agriculture (PFAW-ag) 0.78 0.86 0.81 0.70 0.84 0.74 0.60 0.56 0.58 0.74 0.89 0.78
Process fraction of depleted water (PFTD) 0.86 0.74 0.82 0.86 0.72 0.81 0.49 0.36 0.43 0.87 0.80 0.85
Beneficial utilization of available water






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 8.  General socioeconomic indicators of the Bang Pakong river basin.
Area name Population Rural Rural % of poor % of poor
population poverty  female  in agriculture
rate
Khlong Phra Sathung 251,013 241,254 45% 49.4 29.7
Khlong Phra Prong 172,133 164,034 80% 49.7 23.1
Mae Nam Hanuman 93,937 92,344 85% 50.3 26.3
Main Prachinburi 309,788 286,680 52% 49.9 17.3
Nakhon Nayok 233,409 215,636 54% 51.1 19.6
Khlong Luang 334,543 146,125 48% 50.2 13.1










































































































































































































































Table 9.  Stakeholder analysis in the Bang Pakong river basin.
Stakeholder User or Source of Management Role in Relative Relative Suffer
manager water  level Management wealth influence from




Irrigators User Canal From head Allocation Poor Low Seasonal
systems regulator to amounts
farm turnout and timing
Domestic User Reservoir/ Project level, Provide source Non-poor High Seasonal
users Pumping from headwork and delivery
through users water to user
Industry User Reservoir/ Project level, Provide source Non-poor High Seasonal
Pumping from headwork and delivery
through users  water to user
Environment User Reservoir/ - - - High Seasonal
Main river
WUA User Canal systems On-farm Request amount Non-poor High Seasonal
and timing
Government Manager Basin National and Policy and - High Seasonal
Management main basin guidelines
Board
Figure 2.  Comparison of poverty rate and percentage of farms irrigated moving downstream on
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Table 10.  Land area for each crop in the Bang Pakong river basin (rai).
 KPS KPP MNH MP NN KL MBP+T
Major rice 246,729 312,368 272,956 347,416 446,772 53,866 651,624
Second rice 5,214 10,929 16,609 35,375 56,402 2,585 222,397
Maize 154,733 141,461 53,189 33,786 33,395 1,276 31,803
Cassava 110,248 97,634 56,573 65,408 3,106 123,479 351,352
Sugarcane 16,172 13,758 5,836 5,505 4,127 65,655 61,575
Soybean 24,856 23,048 8,298 6,108 2,225 83 12,423
Groundnut 1,833 2,053 3,998 5,272 984 1,023 1,705
Cotton 3,151 2,940 1,649 1,552 350 3 482
Pineapple 627 106 0 443 19 14,337 10,170
Shrimp 4,369 2,103 3,612 6,742 197 5,821 37,5356
Figure 3.  Trend in crop area for major rice moving from upstream to downstream on the Bang
Pakong river basin (rai).
KPS KPP MNH MP NN KL MBP+T































Table 11.  Agricultural land use in the Bang Pakong river basin (1999).
Land Use    KPS KPP MNH MP NN KL MBP+T
Total Rai 1,628,125 1,610,000 1,323,125 1,576,875 1,520,625 1,185,625 2,718,125
Agriculture Rai 1,314,000 1,262,428 934,748 1,060,479 1,233,681 673,137 2,103,409
Forested Rai 314,125 346,102 386,107 501,976 285,494 497,898 615,446
Reservoirs and
ponds Rai 0 0 370 590 2,240 26,800 15,500
Urban Rai 0 1,470 1,900 15,010 3,690 41,390 14,770
Agricultural land and irrigation 
Surface/canal Rai 105,386 197,746 528,893 283,747 1,128,815 65,530 821,343
Groundwater Rai 0 0 0 0 0 0 0
 Rain-fed Rai 1,208,614 1,064,682 405,855 776,732 104,866 607,607 1,282,066
Number of farms Number 36,520 34,352 27,000 18,233 21,933 19,698 39,785
Average farm size  Rai 36 37 35 35 35 35 35
Percent of farms
irrigated % 8.0 15.7 56.6 26.8 91.5 9.7 39.0
Farmer land tenure situation               
 Own Number 135,088 74,033 35,926 110,355 69,754 153,074 223,756
 Rent Number 7,518 10,119 5,396 19,665 30,636 20,702 44,857
 Landless Number 0 0 0 0 0 0 0
Farm Income     






























































































































Figure 5 Trend in yields for major paddy crop in Bang Pakong river basin.
Figure 4.  Trend of income from major rice in the Bang Pakong river basin (baht/rai).
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23At the present time, data for the socioeconomic analysis were still in the process of being cleaned for analysis, so
results should be treated as preliminary only.

C
Table 12.  Irrigation performance indicators in the Bang Pakong river basin.




Irrigation system or subsystem  Khlong Huay Khlong Tha Kra Khlong Khlong Srai Huay Ban Lad Kra
Sam Sib Chan Krear Bark Pan Po Bhod Thong Prae Beung Ting
reservoir reservoir reservoir reservoir reservoir  reservoir reservoir   reservoir  reservoir  reservoir
Gross value of output in
local currency Baht 4,175,490       8,625,600 6,553,860 8,679,120 6,095,600 2,044,390 2,057,890 4,065,980 10,870,020 11,037,080
Irrigated area. Rai 2,680 4,000 3,000 4,000 2,800 1,000 1,000 2,000 2,000 1,500
Command area. Rai 2,200 4,000 3,000 4,000 2,800 1,000 1,000 2,000 3,000 1,500
Diverted irrigation supply mcm 0.94 3.04 2.96 3.59 2.06 0.03 0.02 1.9 2.59 1.22
Annual rainfall (approximately) m3 7,019,456 10,476,800 7,857,600 10,476,800 7,333,760 2,316,800 2,316,800 4,633,600 4,633,600 3,475,200
Rainfall mm 1,637 1,637 1,637 1,637 1,637 1,448 1,448 1,448 1,448 1,448
Crop water demand mcm/year 0.297 3.04 3.04 3.59 2.43 0.027 0.024 1.903 2.992 1.216
Total water supply mcm/year 4.30 13.17 4.39 6.73 13.37 1.14 12.44 9.11 14.09 5.66
Total irrigation supply mcm/year 5.57 3.10 4.25 4.75 0.22 4.05 1.70 7.70 9.25 4.15
Total O & M expenditure Baht/rai/year 241.58 95.79 175.10 146.78 2.64 98.04 146.2 331.1 397.75 237.93
Revenue from irrigation Bath/rai/year 0 0 0 0 0 0 0 0 0 0
Output per unit of cultivated area Baht/rai/year 1,558 2,156 2,185 2,170 2,177 2,044 2,058 2,033 5,435 7,358
Output per unit of command area Baht/rai/year 1,898 2,156 2,185 2,170 2,177 2,044 2,058 2,033 3,623 7,358
Output per unit of irrigation water Baht/m3 4.44 2.84 2.21 2.42 2.96 68.15 102.89 2.14 4.20 9.05
Output per unit of available water Baht/m3 0.59 0.82 0.83 0.83 0.83 0.88 0.89 0.88 2.35 3.18
Relative water supply - 42.39 4.47 3.98 4.24 3.11 235.81 167.37 6.48 4.64 6.27
Relative irrigation supply - -0.83 -0.42 -0.88 -0.69 -0.04 -1.77 -0.74 -2.82 -5.63 -1.84


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 13.  Classification of Legislative Enactment Relating to Water in Thailand.
Water Quantity Water Quality
Canal Maintenance Act, 1903 Canal Maintenance Act, 1903
Water Hyacinth Elimination Act, 1913 Water Hyacinth Elimination Act, 1913
Private Irrigation Act, 1939 Navigation in Thai Waters Act, 1913
Royal Irrigation Act, 1942 Royal Irrigation Act, 1942
Dike and Ditches Act, 1962 Fishery Act, 1947
Minerals Act, 1967 Minerals Act, 1967
Metropolitan Waterworks Authority Act, 1967 Revolutionary Council Announcement No. 286,1972
Electricity Generating Authority of Thailand Act, 1968 Groundwater Act, 1977
Groundwater Act, 1977 Provincial Waterworks Authority Act, 1979
Provincial Waterworks Authority Act, 1979 Building Control Act, 1979
Waterworks Canal Maintenance Act, 1983 Factory Act, 1992
Civil and Commercial Code Public Health Act, 1922
City Cleanliness and Tidiness Act, 1992
The Enhancement and Conservation of National

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Title of law and Draft water Groundwater Land consolidation Classification of Ditch and dike Irrigation
classification number: resources act Act 1977  Act 1975 river basin Act Act 1962 Act 1942
Issuing authority: ONWRC Department of Office of Land Royal Forest Royal Irrigation Royal Irrigation
Earth Resource Consolidation for Department Department Department
Agriculture
Scope: National National National National National National
Aspect addressed: All aspects of Registration of tube Land consolidation Allowable land use Existence and Issues to support
water resources well. program. for each basin maintenance of ditch. irrigation
management and classification. development.
utilization.
Description of River Basin All private boreholes If the majority of It prohibits all Farmers cannot invade Giving RID and its
implementation Committee is must be registered, farmers in the area development including the ditch and must do officers the
procedures: established byNWRC new boreholes must agree with land dam construction at some maintenance at authority in
to perform function as get a permit and consolidation program, the river basin class 1 appropriate time. construction,
assigned. In cases of annual fee should the OLCA will announce (slope area with good operation
dispute, RBC suggests be paid.   No the land consolidation forest condition). and maintenance of
resolution, and can refer permit is needed for area and partially  irrigation project
to NWRC for higher government agency. pay for the cost. and system.
resolution  procedures.
Responsible parties: NWRC, RBC DER OLCA RFD RID RID
Enforcement NWRC issues national DER should monitor The target area is the RFD controls land use RID should inform RID is recognized
mechanisms: policy and RBC issues and check number of irrigation area and according to the farmers to do some and authority was
basin strategy and well and amount of should be initiated by classification of maintenance of field granted to its duty.











Competing groups Level of parties Description Trade-offs Possible resolution
(macro, meso, of and source
micro) conflict
Irrigators/Villagers Meso Irrigators want to build Villagers do not Irrigators will ask
a dam for irrigation. want irrigation the villagers for a
development. possible solution.
Irrigators/Industry Meso Irrigators have Industry needs to Irrigators might
insufficient water correct for timing communicate with
quantity and reliability. and quantity of industry for timing
water. and quantity of
water before
delivery.
Irrigators/Water Micro Irrigators have Industry needs to Irrigators might
supply insufficient water correct for quantity communicate with
quantity and of water. industry for timing
reliability. and quantity of
water before
delivery.
Irrigators/Salinity Meso Irrigators cannot Flood tide and Irrigators will have
intrusion regulation release water for the ebb. the highest-priority
timing requirement. water requirement.
Rice/Shrimp farm Meso Poor water quality from Rice and shrimp Zoning regulations
shrimp farms damage farms are in the for rice and shrimp
the production of rice. same area. farms.>6
09
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Figure 4. Development of wells in the Hebei Province.














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































East Rapti Singkarak- UPRB Fuyang Deduru Oya
Ombilin
DFgross 0.34 0.41 0.51 1.08 0.85
DFavailable 0.39 0.50 0.63 0.98 0.85
PFavailable 0.05 0.17 0.38 0.74 0.50
PFdepleted 0.12 0.35 0.58 0.75 0.58
Note:D F gross = Depleted/Gross inflow.
DFavailable = Depleted/Available water.
PFavailable = Water consumed for intended purposes/Available water.
PFdepleted = Water consumed for intended purposes/Depleted water.








































































































































































































































































































































































































































































































































































Table 3.  Some important current water-management issues.


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 6.  Water accounting finger diagrams.==



























































































































































































































































































































































































































































































































































































































































































































































































































26This section is an analysis done by Madar Samad, Theme Leader, Water Resources Institutions and Policies, Inter-




















































































































































































































































































































































































































































































































































































































































































































































































Table 1.  Salient socioeconomic features in the selected river basins.
Characteristics Fuyang Inderagiri- Upper– East Rapti Deduru Oya
(China) Ombilin Pampanga (Nepal) (Sri Lanka)
(Indonesia) (Philippines)
Total population (million) 15.6 0.7 1.5 0.6 1.0
Population density (persons/km2) 686 396 450 212 378
No. of urban centers 4 4 3 3 22
No. of villages 9,092 400 325 na 2,807
Urban population (%) 28 36 25 10
Rural population (%) 72 64 75 90
Per capita availability of water (m
3) 868 na 3,630 9,034 1,046
Urban household having piped water (%) 97 na 27 36  21
 Rural households having piped water (%) 77 na na na 09
% employed in agriculture 67 59 61 79 40
Proportion of population living below







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 2.  The Agriculture sector in the five river basins.
Characteristics Fuyang Ombilin East Rapti Upper Pampanga Deduru Oya
(China) (Indonesia) (Nepal) (Philippines) (Sri Lanka)
No.  of surface-
irrigation schemes 3 184 (river lift) 214 37 3,600
No. of groundwater
irrigation schemes 185,527 14 2,445 9 2,453
Surface-irrigated area (ha) 150,000 32,180 32,388 98,222 47,150
Groundwater- irrigated
area (ha) 875,000 - 7,743 25,135 1,515
Main irrigated crops Wheat, corn, Rice, Rice, Rice, vegetables, Rice, chili
cotton, mungbean, maize, corn, onion vegetables.
rapeseed groundnut wheat
Annual cropping 155 na na 156–Surface 133-165-
intensity (%) 200–Ground-water Surface water
180-300–
groundwater
Comparison of current Decline in No change No change in Drop  in rice Current yields
crop yields with yield yield of all in yield of yield of major yield by 14-21% of major
crops 10 years ago major crops major crops crops are higher
Reasons for yield Water scarcity, Not relevant Not relevant Climatic changes, Improved
change institutional pest outbreak agronomy,
constraints  better prices
Responsibility for Individual WUAs Smaller






Responsibility for O&M: Local  govt. River lift systems WUAs & Irrigation Individual
Surface- irrigation system authority (waterwheels)– Irrigation Associations owners
individual  Agency (WUAs) &
owners Irrigation
agency
Multiple uses of irrigation























































































































































































































































































































































































































































































































































































































Table 3.  List of problems reported in the case studies.
Issues                                      Basin
East Rapti Singkarak Upper Deduru Oya Fuyang
Ombilin Pampanga
A. Basin-Level Issues
• Need for reliable data
and information management    
• Inadequate or absence of basin-
level planning procedures    
• Absence of well-defined water
rights and allocation principles    
• Absence of an institutional mechanism
to integrate surface water and ground-
water resources, development and use    
• Watershed degradation and surface 
water and groundwater pollution 
• Absence of riverine control measures 
B. Sector-Level Issues
• Water inadequacy during dry season   
• Head-tail differences 
• Groundwater decline 
• Low productivity 
• Inadequate water control 
• Waterlogging and flooding ?6
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